Background-There is mounting clinical
evidence that ethanol toxicity to the pancreas is linked with glutathione depletion from oxidative stress but there is not experimental proof that this occurs.
Aims and methods-The efect of acute ethanol ingestion (4 glkg) on the pancreatic content of reduced (GSH) and oxidised (GSSG) glutathione, malondialdehyde (MDA), and carbonyl proteins were therefore studied in the rat. Results-Ethanol caused a significant reduction in GSH (p<0.02) and an increase in GSSG (p<0.005), MDA (p<005), and carbonyl proteins (p<005) in the rat pancreas. The GSHIGSSG ratios were significantly decreased after ethanol, especially in rats pretreated with diethyhnaleate (DEM), a GSH blocker.
Administration of ethanol after DEM further increased the rate oflipid and protein oxidation. Pretreatment with cyanamide (an inhibitor of aldehyde dehydrogenase) but not with 4-methylpyrazole (an alcohol dehydrogenase inhibitor) caused higher production of GSSG and MDA. Conclusions-These findings indicate that acute ethanol reduces the pancreatic content of GSH, which seems to be protective against ethanol toxicity, since its depletion is accompanied by increased oxidative damage to 
Group
As shown in Figure 1 , the pancreatic content of GSH was significantly decreased in rats acutely treated with alcohol compared with control animals (0.91 (0.11) v 1-57 (0. 25) pmollg, p<0-02). The fall in GSH values in ethanol treated rats was accompanied by an increased GSSG value (0. 1 18 (0.022) v 0.046 (0.012) pimol GSH eq/g, p<0.001) (Fig 2) .
In addition, the GSH/GSSG ratios were found to be significantly decreased in ethanol treated rats compared with control animals (9.4 (1.7) V 43.2 (12.4), p<0.001).
Compared with the control group, animals taking alcohol showed an increase of the pancreatic content of oxidised proteins (2.65 (0.36) v 1.98 (0.27) nmol carbonyls/mg protein, p<0.03) (Fig 3) and of MDA-TBA reactive compounds (4.93 (1.01) v 2.77 (0-58) nmol/g, p<0-009) (Fig 4) .
As shown in Figures 1-4 
administered to DEM pretreated rats, the GSSG values increased significantly (p<001) compared with rats given DEM alone, and the GSH/GSSG ratios were even lower than those in rats given only ethanol (5.1 (2-1) v 9.4 (1.7), p<0005). In the group of animals given ethanol and DEM, the plasma amylase activities were significantly higher six hours after ethanol administration (1 526*7 (180*4) U/l, p<0003 compared with control rats), although only two rats showed slight histological neutrophil infiltration and cytosolic degranulation of the pancreas.
Discussion
Dramatic reductions in pancreatic GSH concentrations have been reported in animals affected by acute pancreatitis,26 in which free radical induced intracellular oxidative stress and enhanced release of lipid peroxidation products have been documented.27-29 Our data showed a reduction in the pancreatic GSH content accompanied by an increase in the GSSG concentration after acute administration of large amounts of alcohol. The increased concentrations of GSSG and the reduced GSH/GSSG ratios suggest an intracellular oxidative consumption of GSH. However, other mechanisms such as inhibition of GSH synthesis may play a contributory role. In fact, recent evidence of decreased utilisation of methionine and cysteine by pancreatic cells suggests an impairment of GSH synthesis in human pancreas after acute or acute on chronic pancreatitis. Increased concentrations of these sulph-hydryls were found in the plasma and urine of the same patients.7 30 An alternative, albeit unlikely, explanation for the reduction in pancreatic GSH is an inappropriate intracellular release ofpancreatic digestive enzymes, whose secretion is partially inhibited by alcohol and which could be responsible for GSH degradation. GSH, however, is believed to be resistant to the action of intracellular peptidases.27
Our results also indicate that GSH depletion might exaggerate the effects of ethanol generated free radicals with consequent increases in lipid and protein oxidation rates. In fact, according to previous observations,31 GSH depletion alone is not sufficient to produce histological signs of pancreatic injury, even if this facilitates the oxidation of cellular constituents. However, the protective effect of GSH against alcohol induced pancreatic injury is also clearly shown by its oxidative consumption in animals lacking GSH as a result of DEM treatment. In these animals enhanced oxidation of lipids and proteins together with an increase in plasma concentrations of amylase were observed. The absence of a histological evidence of tissue damage may be due to the early observation and prompted us to undertake further studies in our laboratories.
Since the loss of pancreatic GSH was more evident in animals in which the metabolism of acetaldehyde, but not of ethanol, was inhibited, our results strongly suggest that the reduction in pancreatic GSH is closely related to the toxic effects of ethanol metabolites. In fact, acetaldehyde has been shown to induce acute pancreatitis in isolated pancreas32 and could be responsible for the toxic effects in our in vivo model. Acetaldehyde may first react with small sulph-hydryls like GSH, contributing to their depletion, and next bind to important cellular structures.33 Furthermore, the induction of cytochrome P-450 by chronic alcohol intake may exaggerate the toxic effect of ethanol on the pancreas by increasing the production of acetaldehyde which can subsequently form adducts with proteins and become chemoattractant for neutrophils.34
It is well documented that alcohol metabolism increases the production of malondialdehyde and other specific peroxides in pancreatic tissue and juice.1 5 The increase in lipid peroxidation products is commonly taken as an index of a change in membrane structure,35
and after acute alcohol ingestion, lipid peroxidation is detectable only after depletion of cellular GSH.36
The increased pancreatic concentrations of oxidised proteins after alcohol administration could be explained as a direct toxic effect of ethanol/acetaldehyde on the proteins or as a consequence of the loss of cellular antioxidants. Accumulation of oxidised proteins is associated with a reduction in specific activity and changes in the chemical and physical properties of enzymes.37 In addition, protein oxidation and subsequent precipitation might be important in conditions of decreased secretion of sulph-hydryls in the pancreatic juice, such as during chronic alcohol consumption.
In conclusion, this study shows that high dose ethanol induces oxidative changes in pancreatic cell constituents as a consequence of intracellular ethanol metabolism and that GSH seems to be protective against ethanol toxicity. Raised serum amylase activity and initial microscopic changes are noticed only after a marked reduction in GSH. Since no histological lesions have been documented in rats given ethanol alone, it seems that the oxidative changes in pancreatic cells together with oxidative consumption of GSH may be early indices of cellular damage and may be considered among the basic injuries that lead to alcohol induced pancreatitis. 
